The dependence of phospholipase C activity on the cytosolic Ca2+ concentration ([Ca2+],) was studied in intact liver cells treated with the Ca2+-mobilizing hormone vasopressin, or not so treated. Phospholipase C (PLC) activity was estimated from the formation of 
INTRODUCTION
In the cells of liver and many other tissues, phosphoinositide metabolism is involved in coupling the receptors occupied by Ca2+-mobilizing hormones (Michell, 1975 (Michell, , 1983 . Inositol 1,4,5-trisphosphate (InsP!3), formed by the cleavage of phosphatidylinositol 4,5-bisphosphate (PtdInsP3) by phospholipase C (PLC), functions as a second messenger by permeabilizing the endoplasmic reticulum to Ca2+ (Burgess et al., 1984; Joseph et al., 1984) . This process, combined with hormone-mediated Ca2+ influx, allows the internal free Ca2+ ([Ca2+] 1) to increase, and to stimulate the glycogenolytic cascade (Binet et al., 1985;  for review see Williamson et al., 1985; . The Ca2+-dependency of PLC activation by vasopressin and other Ca2+-mobilizing hormones has been a matter of controversy since Creba et al. (1983) reported that PtdInsP2 hydrolysis after addition of vasopressin was independent of Ca2 , whereas Rhodes et al. (1983) reported that Ca2+ was essential for PtdInsP2 hydrolysis induced by vasopressin. In all these studies, the role of Ca2+ in phosphoinositide metabolism was investigated either by incubating the hepatocytes in media containing EGTA, in order to eliminate the effect of the Ca2+ influx, or by treating them with the Ca2+ ionophore A23187. However, the cytosolic Ca2+ concentration was not determined. The development of the quin2 technique, which allows not only the monitoring of [Ca2+] 1, but also its clamping to fixed values in suspensions of small cells, led us to re-examine this point in liver. This technique has been successfully applied to intact cells to establish the relationships in these cells between [Ca2+] , on the one The Ca2+-dependency of PLC activity, estimated from PtdInsP2 hydrolysis and InsP3 formation, was studied here in resting and vasopressin-stimulated rat hepatocytes. For this purpose, intact hepatocytes were either loaded with an excess of quin2 or treated with the non-fluorescent Ca2+ ionophore ionomycin. Under these conditions Ca2+ homoeostasis was not maintained, and rises of up to 50-fold in [Ca2+]1 were observed. These results show that, in intact hepatocytes, the basal PLC activity is dependent on [Ca2+] 
EXPERIMENTAL Cell isolation and incubation
Isolated hepatocytes from female Wistar rats weighing 200-250 g were prepared as previously described . The isolated cells were incubated at about 3 x 106 cells/ml at 37°C in Eagle's medium containing 116 mM-NaCl, 5.4 mM-KCl, 1.8 mM-CaCl2, 0.81 mM-MgCl2, 0.92 mM-NaH2PO4, 25 mM-NaHCO3, glucose (1 g/l), amino acids and vitamins supplemented with 1.5% gelatin (Difco) under 02/CO2 (19: 1).
ICa2+1j determination
[Ca2+], was monitored by quin2 fluorescence (see Berthon et al., 1984; Binet et al., 1985) . Control Bartfai, 1979) Phospholipid analysis Inositol phosphates were measured as described previously (Poggioli et al., 1986) . Briefly, hepatocytes labelled with [3H] inositol were resuspended at 4.5 x 106 cells/ml in inositol-free Eagle's medium containing 106 mM-NaCl2 160 /tM-CaCl2 and 10 mM-LiCl. The cell suspension was then preincubated for 10 min with LiCl, after which 0.3 ml samples of this suspension were withdrawn and diluted with 0.3 ml of Eagle's medium in the presence of CaCl2, giving an external Ca2+ concentration of 1.8 mm (controls) and incubated for 30 s. Vasopressin or vehicle was then added, and 15 s later 0.5 ml of each sample was transferred to Eppendorf micro-tubes containing 1 ml of ice-cold incubation medium and quickly centrifuged for 5 s at 12000 g. The neutralized extracts were processed by anion-exchange chromatography and sequentially eluted with 20 ml of 150 mM-ammonium formate/5 mM-sodium tetraborate to remove glycerophosphoinositol, with 10 ml of 150 mMammonium formate/5 mM-sodium tetraborate to remove InsP, with 10 ml of 400 mM-ammonium formate/ 0.1 M-formic acid to remove InsP2, and with 6 ml of 1 M-ammonium formate/0.1 M-formic acid to remove InsP3 (this fraction contains the two isomers of InsP3 and inositol tetrakisphosphate: Downes & Michell, 1981; Berridge et al., 1983; Batty et al., 1985) . For experiments on cells with lower [Ca2+]1, 0.3 ml samples were collected at the end of the 10 min preincubation period, diluted and incubated with 0. procedure was identical with that described for inositol phosphate determination. The reaction was stopped by adding an 0.5 ml portion of the cell suspension to 1 ml of ice-cold 10% (v/v) HC104. After centrifugation at 1000 g for 15 min, the [3H]phospholipids were extracted from the HClO4-insoluble pellet. After deacylation, the glycerophosphoryl esters were separated and eluted as described by Creba et al. (1983) . In some experiments, the total P in the polyphosphoinositides was determined. For this purpose, the cells were labelled by incubation in Eagle's medium with 15 ,uCi of [32P]P1 for 90 min.
Experimental procedures and phospholipid extraction have been described previously. Briefly, phospholipids were separated and assayed as described by Giraud et al. (1984) . The phospholipids dissolved in chloroform were separated by one t.l.c. run [developed with chloroform/ methanol/4.3 M-NH3 (9:7:2, by vol.)] on plates treated for 12 h with EGTA (20/1) as described by Steiner & Lester (1972) . This procedure was used to separate phosphatidylinositol monophosphate (PtdInsP) and PtdInsP2. Lipids were located on the t.l.c. plates by autoradiography. Radioactive areas were scraped off the plates for total P measurement as described Rouser et al. (1970) . Materials Collagenase was purchased from Boehringer; [argi- (Binet et al., 1985 Bartfai (1979 shown). Consequently, when CaC12 was added to the incubation medium at a final concentration of 1.8 mM (Fig. 2b) Poggioli et al. (1985) and Berthon et al. (1985) , the above observations rule out the possibility that quin2 loading has a harmful effect on cell metabolism.
Dependence of InsP2 and InsP formation in hepatocytes on InsP3 hydrolysis As shown in Table 2 (Michell & Kirk, 1981; Berridge, 1984 (Simon et al., 1984) and human neutrophils (Di Virgilio et al., 1985) .
In (Hansen et al., 1986 ).
This may be explained if in the pathway generating Ins(1,3,4)P3, the phosphorylation step by InsP3 kinase, is sensitive to Ca2+, as reported in RINm5F cells (Biden & Wollheim, 1986 (Burgess et al., 1985; Hansen et al., 1986) The (Melin et al., 1986 ), brain , sheep seminal vesicles (Wilson et al., 1984) and platelets (Banno et al., 1986 Plantavid et al., 1986 (Wallace & Fain, 1985; Uhing et al., 1986) , and as a partially purified enzyme (Nakanishi et al., 1985) , might be that all the factors regulating PLC activity are integrated in intact cells, but are necessarily lost in isolated membranes or the purified enzyme. These factors include the ionic strength of the medium, the presence of GTP in the same medium, the physicochemical form of the substrate and the lipid-protein interaction maintained by the cytoskeleton (Downes & Michell, 1982; Irvine et al., 1984) . As regards the effect of GTP, results obtained in leucocytes and GH3 cells (Smith et al., 1986; Martin et al., 1986) (Lundberg et al., 1985) , and may occur in order to restore the pool of PtdInsP2, as first suggested for hepatocytes by Michell (1983) and Berridge (1984) . Numerous studies on the order of appearance of InsP3, InsP2 and InsP after hormonal stimulation have now shown that PtdInsP2 is the first inositol lipid degraded by PLC (for liver cells, see Charest et al., 1985) . Because, in the present work, InsP2 accumulation induced by vasopressin rose sharply at [Ca2+]i exceeding 100 nM (Fig. 3) , we cannot exclude the possibility that, in normaland high-[Ca2+], cells stimulated by a high dose of vasopressin (0.1 /iM), PtdInsP might be hydrolysed by PLC too. A similar proposition was formulated for thrombin-activated platelets (Siess & Binder, 1985) , fMet-Leu-Phe-stimulated neutrophils (Di Virgilio et al., 1985) and caerulin-stimulated exocrine pancreas (Merritt et al., 1986) .
In conclusion, our experiments show that in intact hepatocytes PtdInsP2 hydrolysis by PLC is a process which is only dependent on [Ca2+] , when the latter's concentrations range from 29 to 160 nM, indicating that, under physiological conditions (i.e. around 200 nM-Ca2+1), this process is not greatly affected by the internal Ca2+ concentration.
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